George William Series was an optical spectroscopist who devoted his early research at the Clarendon Laboratory, Oxford, to simple atoms such as hydrogen and ionized helium. These were testing grounds for new advances in both experiment and theory, particularly that of the 'Lamb shift'. Radiofrequency measurements at Columbia University, New York, had begun immediately after the end of World War II. The team led by Isaac Isidore Rabi showed that both the fine structure and the hyperfine structure of the hydrogen atom were at variance with previous results. Modifications were needed to a theory whose bases were thought to have been well established from the first days of quantum mechanics, and quantum electrodynamics was born.
strong feeling that his roots were in the village, and particularly in the Park of Stratfield Saye, and this feeling remained with him to the end of his life.
His mother Alice, nee Crosthwaite, came from Harrogate in Yorkshire; his father was chauffeur to the Marquis of Douro, eldest son of the Duke of Wellington. In consequence, the family lived in one of the cottages on the estate of Stratfield Saye House. George remembered that the house was in the middle of a large park, so that he grew up in very isolated and rural surroundings. He was the eldest child; his companions were his sister (two brothers had died in infancy) and two children from a neighbouring cottage.
S c h o o l l i f e
In 1925 George went to the village school at Stratfield Saye; the distance was two miles, and this he walked each day. The school was a pleasant building divided into two large rooms to separate the older from the younger children. Of this period George himself wrote:
At the village school I was considered clever; a year before the average age, I gained a scholarship to Queen Mary's School in Basingstoke. To get there required a bicycle ride o f three miles, followed by a bus journey of five miles and a walk of over a mile. I did this daily from the age of ten years.
At Basingstoke, there was school on every Saturday morning, so I could no longer belong to the Wolf Cubs because the Pack met on Saturday mornings. To leave them was a great sorrow. My mother was Assistant Cubmaster, while the Cubmaster herself, Miss Dorothy Page-Roberts was a remarkable woman who came of a County family. She had a wonderful way of telling Kipling's Jungle Stories. I owed a lot to the Cubs and to Miss Page-Roberts. I came into contact with the Boy Scout movement again during World War II, and was a Sea Scout in London in 1942. Much later, my daughter was a Brownie, then a Girl Guide, and became a Queen's Guide. Two of my sons were Wolf Cubs.
At Queen Mary's School in Basingstoke, I began physics and chemistry in my first year (1930), and became enthralled by them, particularly by chemistry. My parents bought me a chemistry set, and I set up a laboratory at home, in an adjoining cottage that was empty. My parents were allowed to use this cottage as a store, but not to furnish it, so that it was horribly cold working there. At that time Professor Piccard was ascending in a balloon into the stratosphere; I took cuttings from the newspapers of his exploits and stuck them up in my laboratory. There I studied the rusting of iron nails, dissolved them in sulphuric acid, heated sulphur with iron filings, and played with mercury surreptitiously stolen from school. I tried to electrolyse water with a single cell battery, and was terribly disappointed when no gas came off. Later, one dinner hour at school, I went into the laboratory and turned on a demonstration apparatus for the electrolysis of water. I collected the gases together in one vessel and tested the mixture with a glowing splinter. The explosion shattered the apparatus, but fortunately did me no harm, and taught me some chemistry.
At school I kept meteorological records. I offered the opinion that changes in atmospheric pressure might be caused by the movements of people on the earth, but was assured that the displacement brought about in this way would be insufficient to account for the changes in pressure. (Very true, I wrote much later.) One year, my parents gave me a simple box camera for Christmas, and within a few days I had exposed a film and tried to develop it in the empty room at home. It was a complete failure; long afterwards, I remembered how bitterly cold I was, and supposed that the temperature was too low for the image to develop. The facilities were primitive, since the cottage was heated by a coal fire or by paraffin burners. Later, when I had some negatives which had been developed professionally, I tried to print them using a bicycle lamp burning acetylene gas. With that I had some success; later I used the sitting room lamp from home -a lamp burning paraffin with an incandescent mantle. Some prints from this period I kept to the end of my life. A cousin used to send me old copies of the Amateur Photographer, which I read avidly. Later, in my first year as an undergraduate at Oxford, I was awarded a Certificate of Merit in a photographic competition.
My parents also bought me an electricity set, but this wasn't so interesting as the chemistry set. I made a gold-leaf electroscope, rubbed a bakelite rod on wool and a glass rod on silk, but there wasn't much else one could do. I played with small electric light bulbs from hand torches, with an old electric bell and discarded batteries. I made a Daniell Cell. I don't think I found physics very interesting until it began to be quantitative, with the inverse square law and Ohm's law. Chemistry had the abstract element from the beginning -formulae, equations, atomic weights. I made a beam balance out o f wood, cardboard and thread, and used it for weighing photographic chemicals. I bought a set of apothecaries weights.
There were no relatives known to me who were noteworthy in science, learning, public service, or other ways. However, although my parents were poor, they did all they could to foster my scientific and 
U n iv e r s it y
In 1938, George was awarded an Open Scholarship in Natural Science to St John Baptist College, Oxford. He studied mathematics in the first year, and then physics, for which his tutor was R.A. Hull; in 1940 he took shortened Finals in Physics. Among the Demonstrators in the Electrical Laboratory was F.W. Pidduck, an eccentric, mathematical physicist, and author of a book on electricity and magnetism. He taught George an important piece of physics when he was attempting to verify Ohm's law for some material: 'Everything is linear if you take it over a small enough range.' George thought the meteorologist, G.B.M. Dobson, a Demonstrator in the Clarendon Laboratory, was 'impressively serious', and learnt from him the importance of attention to detail. D.A. Jackson looked into the undergraduate laboratory from time to time; he was 'excitable, enthusiastic and very stimulating'. George attended the lectures given by Townsend, the Professor in charge of the Electrical Laboratory, but could not get interested in swarms of ions, drift velocities and mobilities. (At one time Townsend's lectures were repeated, more intelligibly but under a different title, by R.B. McCallum, another Demonstrator and Fellow of New College.) George also went to the lectures of F.A. Lindemann on kinetic theory; though he wanted to hear and understand, because the subject matter was so different from what was to be found in text-books, 'the delivery was so bad that one could not hear enough to make sense'.
In College George was elected to the Essay Society, a source of pride and pleasure, even though he never read an essay. But he listened eagerly to wisdom and wit from his contemporaries in other faculties, and 'imbibed culture with mulled claret'. As an undergraduate, George did no research, but he remembered working out the equations for geometrical inversion with respect to an ellipse rather than a circle. He was also 'vividly aware of the difference between "inside" and "outside" in the geometrical sense'. In his second year (1940), he derived great satisfaction from studying A treatise on heat by Saha and Srivastava, one of the first books he had read 'which gave the flavour of research; most undergraduate textbooks are written by the expert for the novice, but with Saha and Srivastava one felt that one was being addressed as a colleague'.
T h e w a r y e a r s
In 1939 
R e s e a r c h a t O x f o r d
George's first research topic, suggested by his supervisor, H.G. Kuhn, was a study by optical spectroscopy of the fine structure in atoms of hydrogen and of deuterium, and in ions of the light isotope, of mass 3, of helium. As a light source, he used a discharge tube cooled in liquid hydrogen, probably the first time this had been done.
He submitted his thesis for his Doctorate of Philosophy in 1950. His examiners were H.H. Plaskett, Savilian Professor of Astronomy at Oxford, and Klaus Fuchs, who soon afterwards was charged and convicted for passing secret information to the Soviet Union. After holding a Nuffield Research Fellowship for one year, in 1951 George was appointed to a University Lecturership in Physics. In 1953 he became a Lecturer at St Edmund Hall; the following year he was elected a Fellow, a position he held until 1968, when he was appointed Professor of Physics at Reading University.
After Brossel and Bitter (1952) had published an account of their pioneer experiment on the detection of radiofrequency double resonance by optical absorption in mercury vapour, George switched his line of research to the field of double resonance. This new technique offered the opportunity of studying the energy levels of excited atoms to a precision limited only by the natural radiation width.
With his first research student, G.J. Ritter, he made a thorough study of the hyperfine structure of potassium (Z = 19) in an excited level. This provided the first determination of the nuclear electric quadrupole moment of the isotope of mass 39, abundance 93% and I = 3/2. Their value of 0.14 b was given a 25% error because of perturbations to the structure introduced by the technique, an effect that they could not analyse until many years later.
This work was interesting in several ways; it brought to light unsolved problems in the interaction of light with matter. In trying to understand the theoretical basis of the method, George developed a general interest in these questions, which he retained for many years. It led him to believe that the fluorescent light emitted in a double resonance experiment should be strongly modulated, and this was quickly demonstrated with his research students W.N. Fox and M.R. Taylor. Fox returned to other work, but Series and Taylor were joined by J.N. Dodd, on sabbatical leave from the University of Otago in New Zealand. Together they carried out a thorough experimental and theoretical study of the phenomenon. This involved a variety of experiments concerned with the characteristics of the modulation of the resonance fluorescence. On his return home, Dodd established a group active in the field of resonance fluorescence; later he became Professor and head of the Physics Department at Otago, from which several members came to spend their sabbatical leaves in England.
George became more interested in the phenomena and their interpretation than in their application to the determination of atomic structures. He concluded that the key problem in the interaction between electromagnetic fields and atoms lay in the nature of spontaneous emission. He accepted that quantum field theory gave an adequate mathematical explanation, but only within certain limitations; it offered a prescription rather than a totally logical theory. He felt that the quantum field theory was deficient as a physical explanation. At about this time, G eorge's ideas turned to proposals for new double resonance (optical plus radiofrequency) experiments with hydrogen and ionized helium. Although he devoted much time to them, they were not successful, though he remained convinced that, given some improvements in technique, they could be done. Optical lasers have now made such precision measurements possible (Stacey and Burnett 1989).
With W.N. Fox and another research student, George measured certain lines in the optical spectra of helium for a new determination of the Rydberg constant (2)*. With lithium he hoped to detect lines of a hydrogen-like spectrum for divalent Li2+, but this was unsuccessful; so also was an attempt, with M.J. Taylor, at optical pumping of two divalent ions (manganese and europium) in a solid, calcium fluoride (1).
Meanwhile, students of Professor Kastler (Nobel Laureate 1966) in Paris had discovered a phenomenon in a double resonance experiment that they called 'coherence narrowing'. Thinking about this, George was reminded of his earlier idea that the fluorescent light in double resonance experiments might be modulated. This was correct, and the phenomenon proved to be extraordinarily fruitful in experiments and rich in theory. (A brief account of this work was given at a Royal Society meeting.) From these studies, he realized that in problems concerning the interaction between radiation and atoms, the concepts of atomic energy levels and energy eigenstates, by themselves, are quite inadequate. It is necessary to consider not just the perturbations to energy levels by the radiation, of which the Lamb shift is a particular case, but also the phase relations that link the energy eigenstates. It was apparent to George that there was great scope for development of these ideas. He studied the Faraday effect under conditions of double resonance, together with the stimulation of resonance fluorescence by modulated and pulsed light, with Alan Comey. When George moved to Reading University as Professor in 1968, Comey succeeded him as University Lecturer and became a Fellow of Keble College.
In 1960, George spent eight months of sabbatical leave at the Bell Telephone Laboratories, Murray Hill, New Jersey. There he worked on optical pumping in rubidium vapour, studying light beats and multiple quantum transitions in ground state resonances. (At Boulder, Colorado, in June 1995, a Bose-Einstein condensation was observed for the first time in a dilute gas, by cooling mbidium atoms to below 100 nK (Anderson et al. 1995).) At the Conference on Optical Pumping in Ann Arbor in 1959 he suggested it would be advantageous to use concave mirrors rather than plane mirrors in optical lasers. Some ideas he developed there were set out in a letter to scientific colleagues, who later published them without acknowledgement. He took comfort from a remark of Pierre Curie, that 'it doesn't matter who makes a scientific discovery -the important thing is that it should be made'.
*Numbers in this form refer to the bibliography at the end o f the text.
Another establishment in the U.S.A. at which he spent short periods was the Joint Institute for Laboratory Astrophysics (J.I.L.A.) at Boulder, Colorado; he enjoyed the hospitality and scientific discussions, particularly with P. Bender. He visited other scientific institutions, both in North America and in Europe, but his strongest links were with the laboratory of A. Kastler at the Ecole Normale Superieur in Paris, and the Physical Institute in Heidelberg, where the former Director H. Kopfermann had been succeeded by G. zu Piitlitz and E. Otten.
In Oxford he enjoyed particularly the friendship of Heini Kuhn, who had been his thesis supervisor. They collaborated not only in research; after the move to the new Clarendon Laboratory in 1945, they reorganized and developed the optics laboratory on the undergraduate physics course. For many years George shared an office with Kuhn, whose own thesis supervisor in Gottingen had been James Franck. Kuhn regarded Franck with the utmost respect and affection; George felt similarly towards Kuhn, and came to regard Franck as a sort of 'scientific grandfather'. Though they never met, George always felt proud of these links with the remarkable group that flourished in Gottingen in the 1920s (see Bleaney 1996) . He was sure that his scientific thinking had been strongly influenced by this indirect connection. In 1968 George attended the Sommerfeld Symposium in Munich, and applied for a Professorship of Physics at the University of Reading. In recommending him, Kuhn wrote:
Dr Series has an exceptional gift of exposition; in a lecture, he can explain complex matters with great clarity and, at the same time, convey to the audience his own enthusiasm in the subject. It is without exaggeration that I can describe him as one of the best lecturers I have ever heard.
As a personality, Dr Series is most tactful and understanding in all his dealings with undergraduate and graduate students, and with all his coworkers and colleagues. He is a most stimulating person to work with, and his rare combination of experimental and theoretical knowledge should enable him to translate his plans for further work into reality.
As a colleague, he is invariably willing to help and to take on onerous duties and tasks, and since he is very well organized, he tends to do more than his share.
R e a d i n g U n i v e r s i t y
His application was successful, and he moved to Reading University as a Professor in 1969. That year he received a Doctorate of Science at Oxford University, and was elected an Emeritus Fellow of St Edmund Hall. In 1971 he became a Fellow of the Royal Society, and the following year he went to New Zealand as William Evans Visiting Professor at the University of Otago.
Together with D.T. Pegg from Oxford, George carried out theoretical studies, while his wide-ranging experimental work at Reading included a range of novel spectroscopic measurements. These included the coherent scattering of resonance radiation, light beats, 'level-crossing' techniques and resonance fluorescence, together with intensity correlations in double resonance experiments. G. Copley, a postdoctoral Fellow from Canada, soon joined them, and set up equipment to study weak fluorescence following excitation by nanosecond pulses of light. This equipment was also used for studies of line-narrowing by time-biasing, until the acquisition of a tuneable, pulsed laser made it obsolete. In such work, quantum beats and line-narrowing were combined, two techniques in which George had particular expertise.
Hitherto, in his theoretical studies of the interaction between atoms and radiation, George had used semi-classical theory (quantized atoms and classical fields), and this had been remarkably successful in describing his experimental results. Spontaneous emission had been included as a relaxation process with a rate constant, but he became fascinated by the mechanism. He was very dissatisfied with the conventional view that it arose, together with the Lamb shift, from 'vacuum fluctuations'. He found the classical absorber theory of radiation (W heeler and Feynman 1945 ) much more attractive, and had long discussions on it with Pegg. Separately, they developed their own ideas on how to formulate radiative reaction (an important ingredient of absorber theory) using quantum theory. George tried to crystallize his ideas for a paper at the Optical Pumping and Light Scattering Conference (OPALS) in Poland (1968) . Subsequently he spent a lot of time on this subject; his conclusions were presented in an article (3) for Physics Reports, but he never felt entirely satisfied with them.
L a s e r s p e c t r o s c o p y
The purchase of a pulsed laser that was tuneable made possible the systematic study of hyperfine structures and lifetimes for many states of a spectral series. Knowing that there was an anomaly in the ratios of the oscillator strengths in the principal series of the caesium atom, he chose this as a test case. Over a period of several years, experiments were carried out with J.S. Deech, R. Luypaert, L.R. Pendrill, S. Nakamaya and F.M. Kelly. Collision cross-sections for depopulation and 'dis-alignment' were also determined, and compared with theoretical evaluations based on central field theory, without further ventures into the theory of atomic structure. In 1978, with W. Gawlik and S. Nakayama, a series of experiments using a tuneable continuous wavelength laser were started on 'polarization-spectroscopy', in which the Doppler effect is eliminated. This was particularly interesting, providing demonstrations of an endless variety of results. Atoms, irradiated with combinations of strong electromagnetic fields, revealed the complications of spectroscopic techniques based on non-linear interactions.
George's last experiments at Reading in 1980-81, in collaboration with R Hannaford, used the continuous-wavelength laser for 'opto-galvanic spectroscopy'. It was an analogue of level-crossing fluorescence spectroscopy, a linear interaction based on atomic alignment (induced optically) being perturbed by application of a magnetic field. Changes in the light output would be recorded by measuring voltage changes across a load resistor; this fed into a lock-in detector, referenced by the frequency at which the laser beam was chopped. However, before this was achieved, signals were observed that could not have arisen solely from perturbation of the alignment; an account was given in a lecture: 'Laser spectroscopy' (4). Study of this effect revealed how it could be used as a new technique giving high resolution with high sensitivity. Some new results on zirconium and yttrium were obtained with P. Hannaford, who continued this work at the Commonwealth Scientific and Industrial Research Organization at Melbourne.
T e a c h i n g a t R e a d i n g U n i v e r s i t y
His concern for teaching was shown in a long, two-page letter, dated 12 January 1981, to Professor C. McCombie, head of the Reading Physics Department. This concerned plasma physics and other specialized topics. He pressed for a broader treatment of atomic physics on the undergraduate course, stressing the importance of experimental methods. After an official Visitation to Reading on 14 January 1982, the Physics Committee of the Science Research Council reported that: 'the work of Professor Series on laser and polarization spectroscopy, and excited states in caesium, was impressive and well received. His research is innovative, cost effective and of extremely high quality; he has interacted well with the overseas visitors associated with the work'.
R e t i r e m e n t
Later that year, George took early retirement. A rather brutally curt note from the Personnel Officer gave him notice o f his 'redundancy' from 30 September 1982, but the Vice-Chancellor, Dr E.S. Page, wrote a kind letter thanking him for all the work he had done for the department. The Senate and Council appointed George to an Emeritus Professorship.
In October 1982, with his wife Annette, George went to India as Raman Visiting Professor at the Indian Academy of Sciences, and travelled on to Singapore, Australia and New Zealand, Ever quiet, calm, courteous but incisive, George Series had the ideal temperament for scientific research, starting with high resolution optical spectroscopy of the hydrogen atom and of ionized helium. Experiments on optical pumping, double resonance and level-crossing have many features in common, and at various times George worked on all three, illuminating
